Abstract -Heat build-up in dark colored rigid PVC construction items, such as siding, results in poor exterior durability. Dimensional stability and color retention are unacceptable. These properties can be greatly improved by blending PVC with modified styrene/acrylonitrile copolymers. Initial dark-color formulations have heat distortion temperatures 20°F higher than that of PVC. Natural and accelerated weathering have demonstrated color and gloss retention much superior to those of comparable PVC colors.
With amorphous polymers, such as rigid PVC, the flexural modulus is only slightly reduced with increasing temperature until the glass transition temperature is approached. At that point, there is a precipitous lowering of modulus so it is easy to determine the temperature above which dimensional integrity can no longer be maintained. A convenient measure of this temperature is the Distortion Temperature under Load (DTL), at 264 p.s.i. fiber stress, as determined by ASTM D-648.
Rigid PVC compounds as used in siding, etc., have a DTL of approximately 16O0F. It is not surprising that exterior vinyl construction items have been limited to those colors (white and pastels) which do not attain temperatures greater than l4O0F. Since deep colored effects are often desired for aesthetic reasons, this is a limitation to the manufacturers of PVC siding and profile extrusions. It would be desirable to be able to raise the distortion temperature of vinyl compounds without adversely affecting any of the other properties which make PVC so acceptable for siding and other exterior construction items. Retention of initial gloss and color is at least as important as retention of initial dimensions.
NEW BLENDING RESINS
The new blending resins, which are the subject of this paper, are modified styrene/acrylonitrile copolymers. They have been designated as 1000 Series resins and are in an advanced stage of development. They were designed to combine the ease of fabrication and initial properties of high-impact ABS with good weatherability, measured by retention of appearance and physical properties. These resins are expected to have utility in their own right, as alternatives to ABS where exterior durability is required. WALTER 1. HORNIBROOK Physical properties representative of 1000 Series resins are presented in Table 1 for Resin X-1003. These properties are all in an acceptable range for construction items, and the exterior durability of the resin is good. Since it is compatible, it is a good blending resin for increasing the DTL of PVC.
PROPERTIES OF PVC BLENDS
The effect of blend ratios on OIL was explored using the simple formulation shown in Table   TABLE 2 (3) 0.5
The samples were blended, dried, injection molded and tested according to ASIM 0-648. Results are given in Table 3 The linearity of the data indicates resin compatibility. It is also apparent from the data that a DTL of l750F can be obtained with an X-l003 content 50%. For reasons of flammability resistance and economics, it is desirable to have as high a PVC content as possible. Early work was done with X-l003/PVC ratios of 70/30 or 60/40, but work is now being concentrated on 50/50 ratios. The effect on physjcal properties of altering the resin ratio, using a simple formulation comparable to that given in Table 2 , is presented in Table 4 . For comparison purposes, the values for a typical commercial siding are also included. 
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These data indicate that acceptable initial properties can be achieved with the blends. It remains to be shown that the exterior durability, in terms of appearance and physical property retention, is satisfactory. Exposure data on pigmented early versions of X-l003 in dark colors provided some expectation that durability would be acceptable. In outdoor tests in both Florida and Arizona, the impact resistance, as measured by dart drop, fell to about 50% of its initial value after 6-12 months and then remained at that acceptable level for the next two years. Similar performance was observed with exposure to laboratory accelerated weathering. These data are represented in Fig. 2 and 3 . In all cases, the failures were ductile rather than brittle.
Color retention of pigmented precursor X-1003 compositions in dark colors also had shown acceptable performance after two years in Florida and Arizona. Several separate studies were carried out. In the first of ratio was 70/30, and the colors were achieved in large part Compositions and performance are listed in Tables 5, 6 , and Stabilizer (2) Lubricant ( 2) Cycle is 2 hr. UV; 4 hr. cond., at 5O0C. these, ("A"), the X-IOO3/PVC by using iron oxide pigments. To investigate exterior durabiltiy, a number of dark-colored plaques were prepared by dry blending, fusing, and compression molding. 70/30 and 50/50 ratios of X-l003/PVC were used and comparison was made with rigid PVC formulations. Colors were obtained using organic pigments, as well as the potentially cheaper inorganic iron oxide pigments which woud not normally be used in PVC formulations. Exterior durability was determined through 45 S exposure in both Arizona and Florida. To date, it has been possible to accumulate only one year's actual outdoor exposure. To supplement these data, exposures of the dark formulations have also been made in the Q-U-V Weatherometer, using a cycle that appears to correlate fairly well with outdoor exposure. We have accumulated the equivalent of up to two years (2000 hours) outdoor exposure in this fashion. Durability was measured by the observed changes in dart drop impact resistance and in color and gloss.
Properties and performance of blends of PVC 5U5 2) cycle is 2 hr. UV; 4 hr. cond., at 50°C.
Although the initial impact resistance of the blended resin composition is not as high as that of a well-formulated vc compound, the rate of degradation is comparable and, to the extent of exposure to date, retained impact resistance is acceptable. In all cases reported, the impact failure was ductile rather than brittle.
Appearance retention of the blended resin compositions was very encouraging in comparison to the PVC compound.
A second study ("B") was undertaken to further improve the blended resin composition, incorporating the following changes:
-Resin composition was changed to 50/50 X-l003/PVC to improve flame resistance while retaining adequate heat distortion resistance.
-Relative viscosity of the vc was lowered to achieve better processability of the blend.
-Pigmentation was modified to eliminate iron oxide pigments which are suspect in vc formulations.
-An U-V absorber was included to improve resistance to surface degradation and to permit low levels of pigment concentration. This study is so recent that no significant outdoor exposure data have been collected. We have relied on accelerated weathering in the Q-U-V Weatherometer for an assessment of durability as shown in Table 9 . It is apparent that the dart drop impact resistance of the resin blend composition is higher initially than in Study "A" but deteriorates at about the same rate as the compositions in Study "A", or in the corresponding PVC compositions. Our experience with similar systems suggests that additional exposure will result in limited additional degradation.
Gloss and color retention of the resin blend compositions are much improved over those of the corresponding PVC compositions.
CONCLUSION
This polyblend approach appears to hold promise as a method of achieving the durability required in dark colored profile extrusions for exterior construction items.
